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Abstract 
The potential for reduction of variant diversity by systematic application of technologies to modular product platforms is 
promising. In this paper, a fuzzy multi-attribute decision making method is developed for assessing technologies to determine 
their suitability for application in modular product platforms. The method allows for a holistic assessment that deals with human 
subjectivity, vagueness and uncertainty. A test case, in which technologies for electric engines in a drive train platform for 
electric vehicles are assessed, demonstrates the applicability. The proposed method helps decision makers to make important 
decisions more objectively and efficiently during the development of modular product platforms. 
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1. Introduction 
Highly differentiated customer requests and the increasing 
demand for customized products force companies to offer 
their products in many different variants. Reinforced by 
increasing dynamics in technology and innovation, this leads 
to a growing variant diversity throughout many branches [1]. 
The resulting additional complexity can be confronted by 
structuring products based on modular product platforms 
(MPP) and the decomposition of products into functionally 
and physically independent modules [2, 3]. This allows 
offering a wide product variety at reasonable costs by the 
simultaneous realization of economies of scale and scope [4].  
More and more products are constructed based on modular 
product platforms, but modules and subassemblies are often 
developed for individual products and not for the entire 
platform [5]. The potential for reduction of variant diversity 
by systematic application of technologies to product platforms 
is therefore promising. In function-oriented modularization, 
modules are designed to independently fulfill partial product 
functions. These functions can mostly be realized by the 
application of various different technologies. An example is 
the air conditioning technology for an automobile, which can 
either be implemented with water or air cooling. Using only 
one of these technological alternatives for the entire product 
range requires applicability to all planned platform products 
but leads to reduced efforts in testing and design as well as a 
reduction of variance by the realization of commonalities [6].  
The modularity that is linked to the application of MPP 
allows independent development of each module. Therefore, 
each module becomes an independent unit of selection [7]. 
Choosing the best suited technology for application in a 
module of a product platform is a difficult and complex task. 
Many different factors influence the decision and the 
prevailing uncertainty, vagueness and human subjectivity 
during early platform development stages make the 
assessment especially difficult. Furthermore, the relevant 
attributes for the assessment differ from those that are 
important for products with an integral structure.  
The costs of making poor decisions during product 
development can be high because of the chain reaction that an 
error can cause throughout the organization [8]. If the 
application of an unsuitable technology is not discovered until 
the final product is launched on the market, a large number of 
products are affected due to the comprehensive application of 
the technology in many products. The technical risk is 
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therefore very high for platform products [9] and the 
technological alternatives should be assessed thoroughly. 
Profound decisions during early platform development stages 
made intuitively may not be possible.  
 
Nomenclature 
 Evaluation matrix for attribute  
 Weighting matrix for attribute  
  Relative importance of criterion  to criterion  
 Fuzzy utility matrix for attribute  
 Final crisp utility for attribute  and alternative  
 Weighting vector for attribute  
 Importance-weighting of sub criterion  
 Value of alternative  regarding sub criterion 
* Normalized 
** Normalized and standardized 
2. Current state of research 
There are few existing methods that address the 
identification of suited alternatives for application in system 
environments. HUNG ET AL. [10] introduced a method that is 
designed for the assessment of design alternatives for modular 
products regarding the fulfillment of customer requirements 
and their strategic fit. OTTO and HÖLTTA-OTTO [11] presented 
an assessment tool that assists the evaluation of product 
platform concepts based on scorecards. These methods use 
simple mathematic approaches that do not regard vagueness 
and uncertainty during decision making and are therefore not 
well suited for application during early development stages. 
CHAN ET AL. [12] developed the fuzzy appropriate index to 
determine the suitability of a technology, while CHIOU and 
CHIU’s [13] method is designed to predict the future 
development of a technology with the use of patent analysis 
and technology road mapping. These methods are well suited 
for application during early stages because they apply fuzzy 
theory, which allows quantitative and qualitative evaluations. 
But both methods are not tailored to application for MPP.  
KRÖLL’s [14] assessment method evaluates technology 
combinations for product platforms based on a total of 43 sub 
criteria. In this method, probability theory is applied to 
determine the best suited technology combination, which 
allows including uncertainty. But probability theory does not 
regard human subjectivity and qualitative evaluations are not 
possible. 
This study of existing methods has revealed the lack of a 
suited method for the assessment of technologies for MPP. 
While some methods do not concentrate on the characteristics 
of MPP, others are not suited for application during early 
development stages. 
In this paper, a methodical support that helps the decision 
maker (DM) to determine a technology’s suitability for 
application in MPP during early development stages is 
presented. The method is tailored to the specifications of MPP 
and deals with the prevailing uncertainty and vagueness 
during development processes. While specifications of MPP 
are considered by selecting the attributes for evaluation with 
consideration of the specific characteristics of MPP in chapter 
3, the characteristics of early development stages are 
considered during the development of the mathematic 
approach in chapter 4. The application of the method to a real 
case is presented in chapter 5. 
3. Identification of attributes for the assessment 
The first step to determine the suitability of technologies 
for MPP is the identification of attributes for the assessment. 
To do so, it is reasonable to look at the goals that are linked to 
the application of MPP. The considered technological 
alternatives must then be evaluated regarding their ability to 
contribute to the fulfilment of these goals. Therefore, the main 
attributes for the assessment are derived from the 
characteristics that a technology should show to enable the 
fulfillment of these major goals. These characteristics form 
the main attributes for the assessment. This approach 
guarantees applicability throughout different areas by 
considering the general goals of applying MPP. Figure 1 
shows the eight major goals and how the main attributes, 
which are further classified into economic and technical 
attributes, were derived. To better the understanding of this 
process, three of the eight goals and the resulting attributes are 
described below. 
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Fig. 1. Derivation of attributes from MPP goals 
One major goal is meeting today’s dynamic market 
requirements. This requires quick changes and adaptions of 
technologies to react to uncertainties regarding future 
requirements [15]. Furthermore, the technology should show a 
high degree of compatibility, which simplifies integration into 
new system environments and product variants. Time 
consuming development processes can be avoided.  
To be able to derive a variety of products from a MPP, the 
applied technologies should be suited for comprehensive 
application in the many different products. Therefore, the 
technology should be able to cover the wide requirement 
603 Eric Rebentisch et al. /  Procedia CIRP  50 ( 2016 )  601 – 606 
 
space of a MPP and its products. Here the coverage of the 
requirement space is part of a technology’s quality, which, 
together with a high compatibility, enables the application in 
multiple products. If changes are necessary to enable 
integration into other MPP products, these changes should 
preferably be implementable with relative ease and quickness. 
To reduce the time-to-market, the application of 
technologies that can be changed and adapted quickly is 
favorable [16]. Furthermore, the technology should be ready 
for application, so that no or only few additional time 
consuming development processes are required. 
The result of a broad literature research are five technical 
and two economic attributes. Together, these seven attributes 
allow for a holistic assessment. Generally, they are invariants 
across all areas. The adjustment to a specific case is 
considered on the one hand by allowing free choice of scales 
to measure individual sub criteria and on the other hand by the 
determination of relative criteria importance during the 
weighting process. The attributes are now broken down into 
sub criteria based on which a final utility for each attribute 
can be determined. The independence of the presented criteria 
is guaranteed by the specific choice of definitions for each 
criterion which aim to avoid multiple evaluations and to 
minimize dependence. Criteria that are not self-explanatory 
and that are especially relevant for MPP are outlined in the 
following paragraphs. Table 1 shows the criteria of the 
economic attributes costs and strategic potential. 
Table 1. Economic attributes 
Economic attributes Sub criteria 
1. Costs Investment costs 
Development costs 
Variable costs 
Variance induced costs 
2. Strategic potential Competitive position 
Effect on image 
Customer preference 
 Market potential 
 
Most of the sub criteria of table 1 are equally important for 
technologies in integral products. But the variance induced 
costs are especially relevant for MPP and include all costs that 
are linked to the introduction of another variant of the specific 
technology, which might be required for a future product (e.g. 
same technology but different architectural dimensions). 
Examples for variance induced costs are testing costs, costs 
for additional tools and the provision of spare parts. While the 
economic criteria are similar to those relevant for integral 
products, there are differences regarding the technical 
attributes and their sub criteria, which are shown in table 2.  
Changeability of technologies is regarded in two ways: 
flexible changes that result from external forces and adaptable 
changes that come from within the system (e.g. software 
update) [15]. These changes are described by the sub criteria 
agility, scalability and extensibility. While agility describes 
how fast a change can be implemented, scalability refers to 
the ability to fulfill a function to another extend (e.g. higher 
output). Extensibility is the ability to add functions to the 
technology (e.g. additional sensors or control units) [15, 17]. 
Quality is here defined as the ability of a technology to 
fulfill internal and customer performance requirements with a 
high level of reliability and robustness [18]. Different 
performance requirements of MPP products can lead to a wide 
requirement space. For technologies in MPP, it is important to 
cover these requirements to a large extend. The sub criterion 
coverage of the MPP requirement space describes to what 
degree the technology covers the required performance space, 
while the criterion performance over the covered requirement 
space refers to how well the technology fulfills the function 
over the requirement space which it covers. Here especially 
the peripheral areas of the requirement space have to be 
regarded so that performance disadvantages to integral 
products that are optimized for a special purpose can be 
avoided.  
A technology’s readiness for application refers to the 
maturity of its development and its manufacturability. 
Table 2. Technical attributes 
Technical attributes Sub criteria 
3. Changeability Agility (flexible change/adaptable change) 
Scalability (flexible change/adaptable change) 
Extensibility (flexible change/adaptable change) 
4. Quality Coverage of MPP requirement space 
Fulfillment of performance requirements 
Secure functionality 
 Availability 
Testability 
Robustness 
5. Readiness for 
application 
Technological readiness 
Manufacturability 
Required additional development time 
6. Functional 
compatibility 
Autonomous function fulfillment 
Collaboration 
Influence on neighboring systems 
7. Physical 
compatibility 
Architectural flexibility 
Topological flexibility 
Number of interfaces 
Degree of interface standardization 
 
The compatibility of a technology describes its suitability 
to be combined with other technologies and how well it can 
cooperate and exchange information with them [19]. It is clear 
that a high level of compatibility is crucial for technologies in 
a MPP due to the combination with various different and 
changing technologies in the modular environment. The 
technology should be compatible to enable comprehensive 
application throughout MPP products. Here, compatibility is 
further subdivided into functional and physical compatibility.  
The functional compatibility includes the three sub criteria 
autonomous function fulfillment, collaboration and the 
influence on neighboring systems. The autonomous function 
fulfillment describes a technology’s ability to fulfill a specific 
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function independently. This guarantees that the technology 
can be applied in different products without depending on the 
application of another technology. The collaboration 
describes how well the technology can be combined with 
others in a way that they can function together, exchange 
information and fulfill a certain purpose together. Finally, the 
influence on neighboring system is defined as the 
technology’s physical impact on other technologies during 
operation and failure, which should be as low as possible.  
 The physical compatibility describes how well a 
technology is suited to be physically integrated into an 
existing system environment. It regards the integration 
flexibility, the necessary number of interfaces and the degree 
of interface standardization. The integration flexibility is the 
result of the technology’s architectural and topological 
flexibility. The architectural flexibility of a technology refers 
to the flexibility of its physical appearance and describes how 
freely the architectural parameters can be changed. The 
topological flexibility describes how flexible the technology 
can be positioned from other modules and subsystems in the 
MPP. A high level of interface flexibility enables applicability 
in predetermined or varying spaces throughout MPP products. 
Finally, the necessary number of interfaces and the interface 
standardization complete the attribute physical compatibility. 
Interfaces play a major role in MPP because they determine 
how well the technology can be connected to others. 
The introduced attributes and sub criteria enable the 
holistic evaluation of technological alternatives for 
application in MPP. 
4. Fuzzy Multi Attribute Decision Making method 
The next step is the development of the fuzzy method that 
supports the evaluation of the identified criteria. In this 
method, each attribute and its sub criteria are evaluated 
independently. All values of an attribute’s sub criteria are 
combined to a final value. The aggregation of the final values 
of all attribute is not intended to enable transparent results that 
are easy to interpret.  
After the technological alternatives for the assessment 
were identified, the first attribute is evaluated. The DM 
decides for each sub criterion if a quantitative or a qualitative 
evaluation will be conducted (Step 1). In this first step, a key 
figure based on which the evaluation will be conducted should 
be identified for each criterion. If no key figure can be found 
or if data is unavailable, the evaluation may be conducted 
qualitatively with linguistic terms. The next step (Step 2) is 
the assignment of values to each sub criterion of the attribute 
for all considered alternatives. Different approaches have to 
be followed depending on whether a quantitative or 
qualitative evaluation of a sub criterion is conducted. 
4.1. Quantitative evaluation (Step 2.1) 
A quantitative evaluation is conducted if a sub criterion 
can be described by a specific key figure and data for the 
evaluation is available. First, the DM defines a scale for the 
specific key figure based on which the regarded sub criterion 
will be evaluated. This scale has to range from the lowest 
possible value to the highest possible value, so that the scale 
represents all possible values of the considered key figure. 
Then the fuzzy numbers for the assessment are determined. In 
order to include uncertainty during evaluation, the DM 
assigns three separate values to the criterion: A minimum 
value Ƚ, a maximum value Ⱦ as well as the most expected 
value µ. A triangular fuzzy number  is then determined 
based on these values [20], whereas  is the value of criterion 
 regarding alternative . 
  EPD ,, jiv  
 
If a single deterministic value can be observed for a sub 
criterion without uncertainty, the expected value µ is well-
known and therefore the values of Ƚǡ Ⱦ  µ are the same 
(ȽൌȾൌµ). The fuzzy number then consists of only one single 
value and has the shape of a straight line. The result of this 
step are the individual fuzzy evaluations  for all 
quantitatively measured sub criteria of the attribute. 
4.2. Qualitative evaluation (Step 2.2) 
For the qualitative evaluations. The DM uses linguistic 
expressions like “very good”, “rather good” or “extremely 
high”. The used linguistic expressions are converted to fuzzy 
numbers by application of the conversion scales which are 
shown in figure 2. These are modified versions of the 
conversion scales that were introduced by CHEN ET AL. [21]. 
 
0,5
1
.1
μ(x)
x
.2 .3 .4 .5 .6 .7 .8 .9 1
medium
high
0
low
Scale 1
0,5
1
.1
μ(x)
x
.2 .3 .4 .5 .6 .7 .8 .9 1
medium
very
high
0
very
low low high
Scale 2
μ(x)
0,5
1
.1
x
.2 .3 .4 .5 .6 .7 .8 .9 1
high
very
high
0
very
low
fairly
low
fairy
highlow medium
Scale 3
0,5
1
.1
μ(x)
x
.2 .3 .4 .5 .6 .7 .8 .9 1
high
very
high
0
very
low
fairly
low
fairly
highlow medium
low to
very
low
high to
very
high
Scale 4
0,5
1
.1
μ(x)
x
.2 .3 .4 .5 .6 .7 .8 .9 1
high
extremely
high
0
very
low
low to
very low
fairly
high
low medium
very
high
none
high to
very high
fairly
low
Scale 5  
Fig. 2. Conversion scales 
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Five conversion scales allow including the degree of 
uncertainty and vagueness regarding the evaluation of each 
criterion. Based on the used linguistic expressions to describe 
a criterion’s performance, one of the five conversion scales is 
applied. The more detailed the linguistic evaluations are 
made, the more detailed is the scale. If only very vague 
expressions like “high” and “low” are used to describe the 
performance of a criterion, a scale with wide intervals of the 
fuzzy numbers is applied (Scale 1). More detailed expressions 
like “fairly high” or “high to very high” represent less 
insecurity regarding the evaluation of the criterion and a more 
detailed scale is applied. Each linguistic expression is 
assigned to a specific triangular fuzzy number which differs 
depending on the used scale. 
4.3. Determination of the fuzzy evaluation matrix (Step 3) 
Due to individual scales for quantitative evaluations, the 
normalization to a uniform scale is necessary to make the 
evaluations comparable. All evaluations are converted by 
using formula 1 and the scale that was previously identified 
for the criterion. The result is a uniform [0, 1] scale.. 
 
minimum  scale   maximum  scale
minimum  scale     valueobtained*
-
-
v ji                        (1) 
                            
While some criteria should be minimized (e.g. variable 
costs), others should be maximized. This requires a 
standardization in which all minimizing problems are 
converted to maximizing problems. This is achieved by 
applying formula 2 to all criteria that should be minimized: 
 
*** 1 jiji vv                                                                         (2) 
 
The result are the normalized and standardized evaluations 
of sub criteria. These are written in the evaluation matrix E**: 
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4.4. Fuzzy weighting of criteria importance (Step 4) 
The relative criteria importance is determined in step 4. A 
pairwise comparison based on SAATY’s priority method [22] 
is used because it and forces the DM to compare all criteria. 
Table 3. Fuzzy weighting conversion scale [23] 
 Linguistic term Fuzzy number Reciprocal 
1 Equal importance (1, 1, 3) (1/3, 1, 1) 
3 Moderate importance (1, 3, 5) (1/5, 1/3, 1) 
5 Strong importance (3, 5, 7) (1/7, 1/5, 1/3) 
7 Very strong importance (5, 7, 9) (1/9, 1/7, 1/5) 
9 Extreme importance (7, 9, 11) (1/11, 1/9, 1/7) 
SAATY introduced a 9 point-scale of absolute numbers to 
describe relative importance of different attributes [22]. This 
scale is translated to fuzzy numbers in order to consider the 
prevailing uncertainty and vagueness during product 
development. DENG ET AL. [23] proposed a five point scale 
with triangular fuzzy numbers based on which the pairwise 
comparison with SAATY’s method can be applied. The five 
fuzzy numbers for the relative importance are shown in table 
3. Due to the prevailing uncertainty and vagueness during 
product development, the comparison will be conducted with 
linguistic terms. Therefore the fuzzy numbers in table 3 are 
converted to linguistic terms, which makes the process more 
intuitive. 
The pairwise comparison is conducted as follows: The 
criterion in row ൌͳǡǥǡ s compared to the criterion in 
column ൌͳǡǥǡ and the relative importance  is written in 
the pairwise comparison matrix . To complete the matrix, 
the reciprocals of the fuzzy numbers (see table 3) are entered 
in the transpose position of the comparison matrixǤ 
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When the relative importance for all sub criteria  of the 
attribute is determined, the weighting factors  for the 
individual criteria are calculated by using formula 3. 
 
¦ ¦
¦
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1
                                                         (3) 
 
The weightings for all sub criteria of the attribute are then 
written in the weighting vector = (w1, w2, .., wj)  
4.5. Determination of utilities (Step 5) 
Now the utilities  for each alternative regarding attribute 
 are determined by applying formula 4. 
  Tfff EWU ***                                                                (4) 
 
To include a specific level of confidence of the DM, an 
alpha-cut is conducted on the final utility vector Ǥ An alpha-
cut excludes all values that have a membership of less than 
the value of alpha. An alpha cut at 0 therefore represents a 
very unconfident DM, while an alpha-cut at 1 represents an 
extremely confident DM. To make the fuzzy utilities of each 
alternative comparable, they are converted to deterministic 
numbers by calculating their center of gravity. The process for 
the first attribute ends with this step. Now the next attribute is 
evaluated and steps 1 to 5 are repeated until final utilities for 
all attributes were determined. The DM can then determine 
values for each alternative and make a final decision by 
Simple Additive Weighting (SAW) of the attribute utilities. 
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5. Application to test case 
The applicability of this method is demonstrated by the 
assessment of four different types of electric engines for a 
drive train platform for electric vehicles. The suitability of 
asynchronous induction engines (ASM) and synchronous 
engines with permanent magnets (PSM) in the form of 
standalone (SA) and integrated solutions (Int) is determined 
for a MPP. All evaluations are made by two experts that were 
involved in a previously conducted assessment project. The 
expert-interview, in which all sub criteria were evaluated and 
weighted, lead to the results that can be seen in figure 3. A 
tool was implemented to facilitate the assessment. Existing 
data from the previous assessment project was applied for the 
quantitative evaluations. Company specific results were 
changed due to reasons of confidentiality.  
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Fig. 3. Test case results 
Standalone solutions show better performances regarding 
most technical attributes. Especially the high functional 
compatibility of standalone engines makes them suitable for 
MPP. Integrated engines are better suited regarding both 
economic attributes, but their application is linked to technical 
challenges especially due to low functional compatibility and 
required further development efforts. These results are 
consistent to the previously conducted assessment and the 
completeness of relevant criteria was confirmed by the 
experts. The structured approach for the usually complex and 
confusing process as well as the simultaneous quantitative and 
qualitative evaluation was especially appreciated. The 
arrangement of sub criteria to the seven main attributes and 
the individual values for each attribute revealed a detailed and 
transparent view on the suitability of the different 
technologies. In this test case, the application revealed that 
improving the functional compatibility of integrated solutions 
would allow the exploitation of their high economic potential. 
6. Conclusion 
In this paper, a methodical support that helps determining 
the suitability of technologies regarding their application in 
MPP is presented. The identified attributes and their sub 
criteria are tailored to characteristics of MPP and the 
presented fuzzy approach deals with uncertainty, human 
subjectivity and vagueness during the assessment. Seven main 
attributes for the assessment were derived from the goals of 
applying MPP and broken down into a total of 30 sub criteria 
that allow for a holistic assessment. The fuzzy method enables 
the simultaneous quantitative and qualitative evaluation of 
criteria. Triangular fuzzy numbers are used to facilitate the 
mathematic operations while guaranteeing only a small level 
of abstraction. The test case verified that the method 
systematically supports the development of MPP by helping 
decision makers to select the most suited technology more 
objectively and efficiently. 
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